. ager ay “UNIVERSITY, OF ILLINOIS — 


Ce aah a “Pmox: Tax Cmers 


eae IN COOPERATION WITH Eevee 
| THE AMERICAN ATHEL FOUNDRIES 


e Er 


oe ‘BULLETIN NO. 156 
"ENGINEERING EXPERIMENT STATION 


be gee aoe BY THE UnrvensrrY or Tuumors, URBANA 


act of the Board of Trustees of the University of Illinois . 


on December 8, 1903. It is the purpose of the Station to 


conduct investigations and make studies of importance to the — | 3 


engineering, manufacturing, railway, mining, and other ee gee 
interests of the State. 


The management of the Engineering Experiment Station is 


vested in an Executive Staff composed of the Director and his hs 


Assistant, the Heads of the several Departments in the College 
of Engineering, and the Professor of Industrial Chemistry. This 
Staff is responsible for the establishment of general policies gov- 


erning the work of the Station, including the approval of material - 


for publication. All members of the teaching staff of the College 
are encouraged to engage in scientific research, either directly or 
in codperation with the Research Corps composed of full-time 


research assistants, research graduate assistants, and special 


investigators. 

To render the results of its scientific investigations available 
to the public, the Engineering Experiment Station publishes and 
distributes a series of bulletins. Occasionally it publishes circu- 
lars of timely interest, presenting information of importance, 
compiled from various sources which may not readily be acces- 
sible to the clientele of the Station. 

The-volume and number at the top of the front cover page 
are merely arbitrary numbers and refer to the general publica- 
tions of the University Hither above the title or below the seal 
is given the number of the Engineering Experiment Station bul- 
letin or circular which should be used in referring to these pub- 
lications. 

For copies of bulletins or circulars or for other information 
address 

| ‘Tue Encrvzerine Experiment Sration, 
University or In.rnois, 
Urpana, ILtnInois 


oe 
~ oN ‘1 

a 

* 


Te Hngiieerite Mgperiniéat Station was SS iatifitied: by 4 


‘TESTS OF THE FATIGUE STRENGTH OF 
* CASTSTEEL * 
A REPORT OF THE INVESTIGATION 


CONDUCTED BY =a 


THE ENGINEERING EXPERIMENT STATION 
UNIVERSITY OF ILLINOIS 


IN COOPERATION WITH 
THE AMERICAN STEEL FOUNDRIES 
BY 


HERBERT F. MOORE 
Researcu Proressor oF ENGINEERING MATERIALS 


IN CHARGE, INVESTIGATION OF THE Fatiaue or Mprats 


ENGINEERING EXPERIMENT STATION 


Pusiisuep By THD University oF Inuinois, URBANA 


CONTENTS 


I. INTRODUCTION . 
1. Introductory 


2. Acknowledzment 


II. Scorer or Tests anD Meruops of TESTING . 
3. ccope of Tests . 
4. Chemical Composition and Heat Treatment of Steels 


5. Test Specimens and Methods of Testing 


III. Resuutts anpD CONCLUSIONS 


6. Test Data and Results 


3 


ty, 
17, 


LIST OF FIGURES 


ulin 


NO. PAGE 
1. Mold for Casting Slugs of Steel withLugs . . . . . . - « « «. « 6 
2. Scheme of Cutting Specimens from Lugs . . . . . . .. . « = . 6 
3. Micrographs, First Seriesof Heat Treatments. . . . . . . . .. 8 
4, Micrographs, Second Series of Heat Treatments . . . . . . . . . 10 
5. Test Specimens . . i F . 13 
6. S-N Diagrams for Fatigue Tests of Steel No. 81, Heat Treatments A, B, C, D, 

JOR ECD ye a a . 14 
7. S-N Diagrams for Fatigue Tests of Steel No. 81, Heat Treatments G and H, 

and of Steel No. 82, Heat Treatments A, B,C,andD. . . . . . 15 
8. Stress-Strain Diagrams for Steels Tested . . . . . . . . . . =. 47 


LIST OF TABLES 


NO. PAGE 
1. Chemical Composition of Cast Steels Tested . . . . . ...~. *7 
2. Heat Treatments of Cast Steels Tested . . . . . .... =... *0 
3. Test Data of Rotating-beam Fatigue Tests of Cast Steel . . . . . Boalt 
4. Results of Tension Tests, Charpy Tests, Repeated-impact Tests, Hardness 
Tests, and Fatigue Tests of Cast Steel . . . . . . ... . ~. 16 


TESTS OF THE FATIGUE STRENGTH OF CAST STEEL 
I. INTRODUCTION 


1. Introductory—The widespread and growing use of steel cast- 
ings for stress-carrying members in machines and structures, and es- 
pecially their use in railway rolling stock, has called attention to the 
lack of available data on the fatigue strength of steel castings, that is, 
the ability of steel castings to resist repeated stress without being frac- 
tured. Realizing the need of such data the American Steel Foundries 
entered into a codperative arrangement with the Engineering Experi- 
ment Station of the University of Illinois for making a series of fatigue 
tests on cast steels of two different chemical compositions. The tests 
were carried out in the laboratories of the Investigation of the Fatigue 
of Metals, which has been in progress since 1919.* Although the infor- 
mation secured in the first series of tests is somewhat limited yet it is 
believed that the lack of data on the strength of cast steel justifies the 
publication of these results. 


2. Acknowledgment—Acknowledgment is made to the AMERI- 
CAN STEEL FounprIEs, whose financial support made possible the tests 
herein reported, and especially to Mr. J. C. Davis, Fourth Vice Presi- 
dent, Mr. Grorcr G. Fioyp, Chief Mechanical Engineer, and Mr. W. 
C. Hamiuton, General Chief Chemist, for their helpful suggestions and 
their discussion of problems connected with the fatigue of steel cast- 
ings. 

Acknowledgment is made to Proressor T. M. Jasper, Research 
Associate Professor of Engineering Materials and Engineer of Tests 
with the Investigation of the Fatigue of Metals, and to Mr. Juiius 
Mutter, Test Assistant with that investigation, who carried on much 
of the work of actual testing. 

The tests have been a part of the work of the Engineering Experi- 
ment Station of the University of Illinois, of which Dean M. &. 
Kercuvm is director, and of the Department of Theoretical and Ap- 
plied Mechanics, of which Proressor A. N. Tasor is the head. 


II. Scopr or Tests AND METHODS OF TESTING 
3. Scope of Tests—It is necessary to divide any comprehensive 


*For the results of the Investigation of the Fatigue of Metals, see Bulletins 124, 136, 142, and 
152 of the Engineering Experiment Station, University of Illinois. 
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Fic. 1. Mop ror Castine Siucs or STEEL witH Lues 


study of the strength of steel castings into two parts: (1) the study of 
the strength of cast steel as a material, and (2) the study of the effect- 
ive strength of this material in different parts of a casting, modified 
as it is by internal strains, minute cracks, and inclusions of dirt, slag, 
oxides, etc. The strength of cast steel as a material may be determined 
by means of tests of specimens cast as lugs on the under side of a 
fairly heavy steel casting. In the steel at this part of the casting de- 
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TABLE 1 


CremicaL Composition or Cast Srerts TEsrep 


Content, per cent 


Steel 
No. 
Carbon Manganese Silicon Phosphorus Sulphur 
aM secede Acta tt orate ci ce meneeewsauicls 0.352 aA 0.30 0.021 0.030 
Ease Metta OA api srer's)a1s/5) <Jeealegeleveverd 0.250 0.68 0.32 0.012 0.032 
TABLE 2 
Herat TREATMENTS oF Cast Sreets TEsTED 
oe mere ea Detail of Heat Treatment 
81 A Tested as received. 
B Heat to 1650° F., hold one hour, cool in air. 
Reheat to 1525° F., hold one hour, cool in air. 
©; Same as treatment B, then heat to 600° F., hold one hour, cool in air. 
D Same as treatment B, then heat to 1000° F., hold one hour, cool in air. 
E Heat to 1525° F., hold one hour, cool in air. 
F Same as treatment E, then heat to 600° F., hold one hour, cool in air. 
G Same as treatment EH, then heat to 1000° F., hold one hour, cool in air. 
H Same as treatment B, then heat to 875° F., hold one hour, cool in air. 
82 A Tested as received. 

B Heat to 1625° F., hold one hour, cool in air. 
Cc Same as treatment B, then heat to 600° F., hold one hour, cool in air. 
D Same as treatment B, then heat to 1000° F., hold one hour, cool in air. 


fects are fewest and the material in such lugs may be regarded as 
representative of cast steel as a material. It is evident that the study 
of the strength of cast steel as modified by internal strains, cracks, and 
inclusions in different parts of steel castings would be very complex. 
In this bulletin no attempt is made to discuss this second part of 
the problem. The tests are all tests of material from lugs cast on the 
under side of a fairly heavy steel casting. 

From Fig. 1 may be seen the method of casting a slug of steel 
with lugs in the bottom from which specimens were cut, and in Fig. 
2 is shown the plan of cutting four test specimens from a lug. All 
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Steel No. 81, 100 diameters 


Steel No. 82, 100 diameters 


For details of heat treatments see Table 2. 


Letters refer to heat treatments. 


MicrocraPus, SEcoND SERIES oF HEAT TREATMENTS 


Fic. 4. 
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TABLE 3 


Test Data or Rotatinc-Beam Fatiqur Tests or Cast STEEL 


Speed of testing machines, 1500 r.p.m. 


_ Stress in : 

Specimen No. lb. per sq. in. oey Ps Treatment 

50 200 82 100 A 
43 000 398 000 * 
40 000 400 600 ay 
37 000 1 074 100 i. 
34 000 2 343 200 = 
32 000 2 273 900 = 
31 500 102 778 400* K 
30 100 110 735 500* x 
63 500 84 200 B 
54 000 247 900 2 
50 000 1 165 000 : 
47 000 96 638 900* E 
45 400 901 400 Se 
43 000 96 544 400* a 
40 000 86 622 800* # 
55 000 138 800 C 
50 000 763 800 . 
48 100 598 400 - 
46 100 20 574 300 2 
45 000 1 592 900 . 
44 000 75 180 600* . 
62 000 85 500 D 
50 000 247 200 s 
47 000 730 800 ze 
45 000 325 300 “ 
44 000 104 309 300* Ms 
43 000 101 583 400* a 
40 000 48 138 600* ie 
39 300 37 055 500* © 
50 500 384 900 E 
49 300 644 600 # 
48 500 22 911 000 ee 
47 900 94 611 700* E 
46 500 55 113 400* ss 
44 000 10 710 700* S 
50 000 538 200 F 
47 000 914 100 ie 
45 000 676 900 2 
45 000 790 400 
43 000 82 284 600* iS 
42 200 83 506 800* ee 
54 000 384 400 G 
53 000 384 600 es 
50 000 95 894 600* : 
46 000 10 196 700 2 
45 000 11 251 300 i 
43 600 5 430 300 + 
42 100 53 192 100* 
46 400 402 100 H 
46 000 962 000 
45 300 1 573 000 4 
45 000 378 000 - 
42 900 23 783 000* ¥ 
40 000 65 584 000* 


*Specimen did not fracture. 
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TaBLE 3—Concluded 


J Stress in Cycles 
Specimen No. Ib. per sq. in. for Failure Treatment 

ast Steel No. 82 

: BS ES cso tele ait ate OOS Lage els em eee ROAD 45 000 13 000 A 
SDN AC Pi rernatee clei eee lec ais Bien b ie wlels erstee.s's 37 000 337 100 a 
BO WOD seats Brat etn. es a aha wiphsiain eile we 32 000 1 056 300 a 
RD VES epee tevenetere ianieesrs & dace seuaieceletiovetaite 30 100 1 593 200 ae 
SP OOCS Baiatersiot ete siers ators os srotar sl) avaie) alevale aie 29 000 2 817 000 5 
PN BY: 5 BY Gene anor oCee ott tion Dior eeinyes 27 400 93 187 700* , 
SO Va Rimtatate cfs eisietorsuchous oireud srenthslotetwrete us (alee 27 300 55 806 es 
Bo aS a iaie ore een sanvess Site ries 2.0 eB ielale.o aay 25 000 9 218 000* 
2) PAID) eatalelts sis atete euavene sures oleteters serateve stare 41 500 142 600 B 
BD INGA al as rata snsis joueyatsiorbie eyors aveke eseNavele ante 38 000 5 101 500 we 
IS HOO rete sycia overs suscateiel srenoiers ipiere (sivssl steers ape 36 100 12 595 700 
BO EKOA Si craicieevahavers enclovensier clare lele stots stolsiave 35 000 81 571 000* si 
S2IBOC waeerctoses/eisieie.elcisiiste) oleterelsiaterepereteles 46 000 41 400 
BO HAS re yassyevaranieretaterche’s. cv are wra¥saverals: 600.4 6 ee 39 900 645 800 me 
SZONFAC ae mi eeaitielcteus oi ateefe, reise onehoeisnecs ras 35 000 966 800 ey 
SPMD VAT Noecteve crevercuets e+e svailsyere le ates) « Mereiate 32 000 2 606 500 ee 
BZ OOD Eeecine cisieie ic ciee Sie ne. oueuaraichsuererelelsliace 31 100 99 011 200* a 
SPIES Lee cvers accra ce avi aions ecsve Wyereis states! avayicve 30 000 99 191 800* ~ 
SP OO PAM ererretetaatespisteieiotescaicleleisielareierelsic Onis 48 000 152 600 D 
P Pde @ (0) Dna ces ioe, cickoin AAR ae Oa eh ot ote.S 42 000 479 500 ‘ 
BD PRAA AVI a cslalsiotccetereleusreis esis ciel sietalel levers 37 100 1 599 200 = 
£5 J Be = Bee Sen ortens ORO Oo chcolee ASCO 34 000 952 900 He 
SOP AAR ee ait chars sun aye rsisliete cement a aha ee 33 100 1 521 900 ie 
BZD FAG Sees eter ae ous ea Nias atcnetone oheters eras 32 900 68 877 500* a 
SAMO OAL tae asterectens Grereve estie ape crests tevin oye ase 29 500 34 315 000* He 


*Specimen did not fracture 


castings were made in the Granite City (Illinois) plant of the Ameri- 
can Steel Foundries, and the lugs, cut off from the castings by means 
of an oxyacetylene torch, were shipped to the Materials Testing Lab- 
oratory of the University of Illinois. Specimens were machined from 
the lugs in such a manner that no material in any test specimen was 
located within % of an inch of the torch-cut in the lug from which the 
specimen was cut. 


4. Chemical Composition and Heat Treatment of Steels—Two 
kinds of steel were furnished for the tests which have been given the 
identifying laboratory numbers 81 and 82, respectively. Steel No. 81 
is a steel with a high manganese content, and has been given the trade 
name “Hylastic” by the American Steel Foundries. The chemical 
composition of Steel No. 82 is fairly representative of ordinary steel 
castings. The chemical composition of both is given in Table 1. 

Two metallographic studies were made of the effect of heat treat- 
ment on the crystalline structure of the steel. No heat treatments 
were used which involved water quenching or oil quenching. The 
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Fic. 5. Test SpecIMENS 


micrographs in Fig. 3 show the results of the first series of heat treat- 
ments. The maximum temperature and the time of “soaking” at maxi- 
mum temperature were the variables studied. The micrographs show 
that it is possible to improve markedly the coarse-grained, somewhat 
dendritic, structure of the steel as cast, and to make it fairly fine 
grained. It is quite probable that a more extended study would dis- 
close other heat treatments which would give to the steel a still finer- 
grained structure. In this series the pieces heat treated were about 1 
inch by % inch in cross-section. 

The micrographs in Fig. 4 show the results of the second series of 
heat treatments. They show the crystalline structures corresponding 
to the heat treatments for the test specimens used in determining the 
strength of the steel. The letters in Table 2 denoting heat treatment 
correspond to the letters denoting micrographs in Fig. 4. The details 
of the various heat treatments given to specimens are given in Table 
2. These heat treatments were suggested by the American Steel Foun- 
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dries. The heat treatments listed in Table 2 were given to pieces of 
steel about 7% inch square, cut from the lugs shown in Figs. 1 and 2. 
From these heat treated pieces test specimens were machined. All heat 
treatments for both series of tests were made in a Hoskins electric 
resistance furnace. 


5. Test Specimens and Methods of Testing—The pieces of steel 
cut from the lugs of the castings were approximately 17 inches long 
by % inch square. After heat treatment (if any) each bar was cut 
into two parts whose approximate lengths were 13 inches and 4 inches, 
respectively. 
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The various test specimens used are shown in Fig. 5. The Charpy 
test specimens were machined from the 4-inch pieces, the rotating- 
beam fatigue specimens and the tension specimens from the 13-inch 
pieces. The repeated-impact specimens were machined from the ends 
of the broken rotating-beam specimens. After machining, all speci- 
mens were allowed to rest at room temperature for a period of two 


weeks before being tested. 
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Fic. 8. Srress-Strain DIAGRAMS FOR STEELS TESTED 


The tension tests were made on a 100 000-lb. screw-power testing 
machine, the hardness tests on an Alpha Brinell machine, the Charpy 
tests on an American built Charpy machine, the repeated-stress tests 
on a Sondericker (or Farmer) type rotating-beam machine, and the 
repeated-impact tests on a double-hammer machine built in the shops 
of the Materials Testing Laboratory of the University of Illinois. The 
machines, the technique of testing, and the methods of reducing test 
data are the same as those described in some detail in Bulletin No. 124 
of the Engineering Experiment Station of the University of Ilinois. 


III. Resutts AND CONCLUSIONS 


6. Test Data and Results—The data of the fatigue tests are given 
in Table 3. These data are also shown graphically in the S-N dia- 
grams of Figs. 6 and 7. Typical stress-strain diagrams for the tension 


tests are shown in Fig. 8. 
Summarized results of the static tension tests, the Brinell tests, 


the Charpy tests, the repeated-impact tests, and the repeated-stress 
tests are given in Table 4. 
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From an examination of the results given in Table 4 and of the 
micrographs shown in Fig. 4 the following summary of conclusions is 
given: 


(1) As cast, the steels tested showed a coarse-grained crys- 
talline structure; steel No. 82 showed a marked dendritic struc- : 
ture. By suitable heat treatment it was found possible to give the 
cast steel a finer-grained crystalline structure. 

(2) The result of such heat treatment was to increase to a 
marked degree the static tensile strength, the ductility, the Brinell 
number, the Charpy value, the repeated-impact value, and the 
fatigue strength (endurance limit) of the cast steels. 

(3) For the cast steels tested the ratio of endurance limit to 
ultimate tensile strength (the endurance ratio) averages 0.42, 
which is slightly less than the average value for ordinary rolled 
steel.* \ 

(4) The results of these tests mdicate that under favorable 
casting conditions and by the use of suitable heat treatment cast 
steel can-be produced having a strength under either static load 
or repeated load, only slightly less than the strength of rolled 
steel of similar chemical composition. 


*This result in a general way checks the results of fatigue tests of cast steel m de by L 
sells at the Westinghouse Electric and Manufacturing Co. and i rote ied Elasti ity” 
by Timoshenko and Lessells, p. 473-476. < = Reported Pherae 
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